Abstract: Blood parasites of Apodemus agrarius were investigated in Eastern Slovakia during 1998-2005. The following parasitic species were detected: Trypanosoma grosi, Babesia microti-like piroplasms and Bartonella sp. Trypanosoma grosi was the most common species, with an infection prevalence of 12.7%. Trypanosomes were morphologically typical of the lewisi group, however, they were bigger than T. grosi described in A. flavicollis and A. sylvaticus. The differences analysed by nested analysis of variance were statistically significant. Pleomorphism was not observed. Infections with piroplasms were detected only at two sites, with an intensity of infection not exceeding 0.1%. The morphology of the piroplasms was different from those typical of B. microti. Bartonella occurred at two sites in 0.81% of the animals sampled. The prevalence of infection had a seasonal pattern throughout the study years. Trypanosomes
Introduction
Protozoan parasites and Bartonella bacteriae, living in the blood of many small mammals, are still a scarcely investigated group of pathogens. So far, studies on these parasites have mainly been carried out in Western European countries. Only few scientific reports on this subject have been published in Central, Southern and Eastern Europe (e.g., Knap et al. 2007; Smetanová-Štefanidesová et al. 2007; Štefančíková et al. 2008) . Within the territory of the former Czechoslovakia, such investigations were performed during the 1970s by Še-bek (1960, 1975) .
Among many rodent species, the striped fieldmouse Apodemus agrarius Pallas, 1771 plays an important role as a reservoir of zoonoses in Europe. Several papers documented its ability to serve as a carrier of hantaviruses (Nemirov et al. 1999 (Nemirov et al. , 2002 Klempa et al. 2005) , leptospiroses (Stanko et al. 1996) , Chlamydia sp. (Čisláková et al. 2004) , Toxocara sp. (Antolová et al. 2004 ) as well as other pathogens. However, little is still known about the ecological aspects of infections of A. agrarius with blood parasites. Another reason for this knowledge gap in elucidating the role of the field mouse in the transmission of zoonotic diseases is its specific fauna of ectoparasites, markedly differing from other Apodemus mice, e.g., A. flavicollis (Melchior, 1834) and A. sylvaticus (L., 1758). The different composition of ectoparasite assemblages can modify the ability of Apodemus mice as reservoir of zoonoses (Stanko 1995; Fričová & Stanko 2007 ).
Material and methods
The study was carried out in several sites, located in three orographic units of east Slovakia: Košická kotlina basin (cadastral areas of Šebastovce, Poľov, Buzica, Rozhanovce, Košice), the Eastern Slovakian Lowland (Boťany, Zemplínske Hradište, Trebišov, Kechnec, Viničky) and the Pieniny Mts (Červený Klaštor). Each study area differed in the level of human use. The Košická kotlina basin and the Eastern Slovakian Lowland represent substantially altered environments, which are still subjected to a high level of anthropogenic pressure. The Pieniny Mts were established as a national park, involving habitats without any noticeable evidence of human activity. For these sites, numerous and stable A. agrarius populations are characteristic which thereby served as a subject of many previous ecological studies (Dudich 1997) .
The study was conducted throughout 1998-2005, from March to November. The animals were entrapped using snap and live traps. Blood samples were taken from the tip of their tails, or by heart puncture in the case of dead rodents. The methods of parasitic investigations have been described elsewhere (Bajer et al. 1998; Karbowiak & Wita 2001; Karbowiak et al. 2005a, b) . Briefly, thin blood smears were c 2009 Institute of Zoology, Slovak Academy of Sciences prepared, air-dried, fixed in methanol and stained for 1 hour with Giemsa, diluted (1:5) in phosphate buffer (pH 7.2). Then the slides were rinsed in an isotonic buffer, air-dried and examined under a light microscope. Trypanosomes were also detected by using microhaematocrit centrifugation technique, following the method used for this purpose (Kingston et al. 1992 ); the blood smears were then prepared from the fraction with trypanosomes and stained using Haemacolor kit, Merck (Karbowiak et al. 2005b) . In both methods, the smears were prepared from a volume of 2 µl that enabled to estimate the number of parasitic specimens in 1 ml of blood based on the number of parasites found in the microscopic slide.
For the measurements of parasites, the "Analysis" software, supplemented with a Video Camera and Olympus BX50F4 microscope, was used. Stained blood smears were analyzed at magnifications of 800× and 1500×. For each slide about 50 fields were examined. Measurements were performed in 100 parasite specimens per detected species. The identification of parasitic species was based on morphological and biological characteristics. The terminology commonly used and adopted by other researchers (Hoare 1972; Matthews et al. 1977; Kingston et al. 1992 ) was employed to characterize morphological characteristics of protozoan parasites. In order to present the similarity or difference to Trypanosoma grosi isolated from other Apodemus species, the nested analysis of variance was used. According to Sokal & Rohlf (1981) and Lomnicki (1995) the expected mean squares and degrees of freedom were computed due to unequal samples size. The parameters obtained were compared with parameters of T. grosi kosewiense isolated from A. flavicollis in Poland, published previously (Karbowiak & Wita 2004) . All metrical parameters showed in Table 2 were analysed.
Results
In total, 370 specimens of the striped field mouse were entrapped and investigated in the study. The following blood parasites were found to be harboured by this host: Trypanosoma grosi, Babesia microti-like piroplasms and Bartonella sp. The prevalence of infections with the blood parasites and the number of infected animals is presented in Table 1 .
Infections with Trypanosoma grosi
Trypanosoma grosi is regarded as the most common blood parasite of striped field mice and were found at all sites investigated. The overall prevalence of infection was 12.70%, range from 5% to 23%. However, it varied according to season, showing a prominent peak in July and September (Fig. 3) . The estimated average intensity of infection was 253.3 specimens in 1 ml of blood, usually ranging from 35 to 500 trypanosomes per 1 ml. Only in one single case the intensity of infection reached as much as 2,000 parasites in 1 ml of blood sample.
The trypanosomes occur as typical trypomastigote forms of the lewisi group (Fig. 1) . They have a narrow, long body, with a sharpened posterior end. The length of the body is 11.80-26.40 µm (mean 21.09 ± 3.06 µm), the width is 0.93-2.40 µm (mean 1.46 µm ± 0.26). The free flagellum is 5.09-15.33 µm long, in the range of 8.88 ± 1.81 µm. The undulating membrane is weakly developed, however, constantly visible. The nucleus is oval in shape and located in the middle or in the anterior part of the body, parallel to the longitudinal cell axis. Its measurements are 1.44 × 0.46 -3.99 × 2.09 µm, mean 2.65 ± 0.55 × 1.01 ± 0.24 µm. The kinetoplast is particularly large. In the blood smears it is Explanations: PK -posterior end to kinetoplast; KN -kinetoplast to nucleus centre; PN -posterior end to nucleus centre; NAnucleus centre to anterior end; BL -body length; FF -free flagellum length; L -total length; Nl -nucleus length; Nw -nucleus width; W -width of body on the nucleus level excluding the undulating membrane. Indices: nuclear index NI = PN/NA, kinetoplastic index KI = PN/KN, flagellar index FF : BL. present as oval in shape or rod-shaped; the KI index shows its location near the posterior end of the body. Values of several morphometric parameters are given in Table 2 . Dividing stages and epimastigote forms were not observed. The analysis of variance showed great differences between the mean values of particular characteristics between trypanosome strains isolated from A. agrarius and A. flavicollis. Differences were observed in the length of the body, flagellum length and localization of nucleus in the cell. These characteristics are designed by parameters KN, PN, NA, BL, FF and ascertained by indexes KI, NI and FF : BL. The greatest differences concerned the NI index, showing nucleus localisation, and parameters FF with index FF : BL, showing the free flagellum length. Simultaneously, the variation between populations was not statistically significant. Statistically not significant were only parameters PK (distance posterior end -kinetoplast), W (body width) and N (nucleus size). Parameter L (total length) was significant with the risk of error lower than 1%.
Infections with Babesia microti-like piroplasm Infection with Babesia microti was detected at two sites only -Šebastovce (in Košická kotlina basin) and Viničky (Eastern Slovakian Lowland). The prevalence of infection at these sites varied from 7.14% (2 infected out of 28 investigated in surroundings of Šebas-tovce village) to 25% (1 infected out of 4 investigated near Viničky village). However, due to a small number of trapped animals in Viničky, this value is not statistically significant. The mean intensity of erythrocyte infection was low, not exceeding 0.1%. The parasites mostly exhibited the ring-and pear-shaped forms ( Fig. 2A) The ring-shaped forms were small, 1.5-2.85 µm in diameter, the pear-shaped 1.47 × 0.90 -2.66 × 2.09 in size. Some of them have not established regular rings (Figs 2B-D) (the morphological terminology was used according to Mehlhorn & Schein 1984) . Single parasites were usually seen in infected erythrocytes. The regular form of four cells -"maltese cross", characteristic for "small" Babesia species, was not recorded (Fig. 2) . In the infected animals, no visible pathological symptoms were manifested. Nevertheless, during post mortem examination of animals, a high degree of splenomegaly was observed.
Infections with Bartonella sp. Correspondingly to Babesia, Bartonella bacteria occurred only in the two sites -Šebastovce (Košická kotlina basin) and Trebišov (Eastern Slovakian Lowland). Out of all animals studied, Bartonella bacteria were found in 0.81% of animals. The intensity of infection was generally very low -less than 0.01% of erythrocytes were invaded. Bacteria were visible in blood smears as dark-blue or black comma-like bodies. Their mean size was 0.8-0.3 µm, ranging from 0.4-1.5 to 0.1-0.9 µm, the number of detected bacteria was from two to seven per one erythrocyte. 
Seasonal dynamics of infection
The percentage analysis of infections in mice in spring, summer and autumn concerning all parasitic species showed that the prevalence of infection varied throughout the year. Trypanosome infections occurred predominantly from June to November, with a peak in July to September. Babesia microti-like piroplasms were mostly detected in mice entrapped in May and June, while mice infected with Bartonella sp. were prevailingly observed from May to July (Fig. 3) .
Discussion
Trypanosomes parasitizing Apodemus mice, originally identified as Trypanosoma grosi Laveran et Pettit, 1909, were found rather scarcely so far (Krampitz 1959; Šebek 1960 , 1975 Hoare 1972 Hoare , Šebek et al. 1980 . These identifications were corroborated by the similarity of the hosts, as the peculiar host of T. grosi, the wood mouse A. sylvaticus, is a close relative of A. flavicollis. Other criteria were not considered at that time, thus were not taken into account and the parasite classification was generally inaccurate. However, T. grosi kosewiense, parasitizing A. flavicollis, is morphologically different from the typical T. grosi forms, described by Krampitz (1959) in A. sylvaticus (Karbowiak & Wita 2004) . Še-bek (1960) has also pointed out morphological differences between trypanosomes parasitizing A. sylvaticus and A. flavicollis and the polyphyletic character of Trypanosoma grosi parasitizing wood mice (A. sylvaticus) in Great Britain was reported by Noyes et al. (2002) .
The results of our study have shown that trypanosomes parasitizing the striped field mouse morphometrically differ from T. grosi and are similar to T. grosi kosewiense. This phenomenon is evident in the majority of investigated parameters and was confirmed by statistical test. However, specific features can also be seen here. As evidenced in T. grosi kosewiense, the PK, NI and KI indices showed that the nucleus is located closer to the body centre. However, the body length corresponds to T. grosi, described by Krampitz (1959) . The specific feature of trypanosomes parasitizing A. agrarius is the free flagellum, which is longer than in T. grosi and T. grosi kosewiense, which has been apparent from the FF and FF : BL parameters. The total length (L = BL + FF) is thus on the border of statistical significance.
A characteristic feature of trypanosomes in A. flavicollis is the pleomorphism of trypomastigote forms that is manifested in two morphological forms: slender and stout (Karbowiak & Wita 2004) . This phenomenon was not observed in trypanosomes parasitizing A. agrarius and A. sylvaticus by Krampitz (1959) . In addition, Krampitz emphasized the presence of epimastigote and dividing stages of trypanosomes in the blood. This stage of development was observed neither in A. agrarius, nor earlier in A. flavicollis (Karbowiak & Wita 2004) .
It is possible that the source of morphological differences between trypanosomes parasitizing the three species of Apodemus mice is connected with the evolution and differentiation of this genus. Apodemus genus comprises 20 species of mice, all prevalent in the Palaearctic zone. They belong to two subgenera -Apodemus and Sylvaemus. Based on the parameters of genetic diversity, these subgenera had differentiated about 7.9 million years ago (Michaux et al. 2002) . Sylvaemus mice occur mainly in the Western Palearctic Zone, while Apodemus is common in Asia. Nonetheless, Apodemus has already extended its distribution into Europe. Apodemus agrarius occurs in the Palearctic and Oriental regions, together with A. semotus Thomas, 1908 and A. penisulae Thomas, 1907 . Phylogenetic analyses showed that A. agrarius is closely related to A. penisulae; whereas the relation to A. flavicollis and A. sylvaticus is more distinct (Bellinvia 2004) . The differentiation of ancestors of Apodemus mice at the species level, living in different environments and separate geographic units, has probably induced the formation of different strains of Trypanosoma grosi.
The results of morphometric studies of trypanosomes obtained from A. agrarius from Slovakia are in accordance with results obtained by Sato et al. (2003) , undertaken on SESUJI isolate T. grosi from A. agrarius caught in Vladivostok, Russia. These findings coupled with our present results confirm the morphological distinctness of Trypanosoma grosi strains parasitizing several species of Apodemus mice.
Trypanosoma grosi is the most common parasite of A. agrarius. Other parasites found in our study were Babesia microti-like and Bartonella sp. However, they occurred rather sporadically and were detected only in few localities. Babesia microti piroplasms were found in A. agrarius in former Yugoslavia by Šebek et al. (1977) , while Bartonella sp. were recorded for the first time in this study. The morphology of Babesia piroplasms found in Slovakia is different from those described in other animals. The merosoits are smaller and not regular as typical Babesia microti described in Microtus voles and A. flavicollis (Mehlhorn & Schein 1984; Karbowiak et al. 2005a ). The authors thus suggest classification of these parasites as Babesia microti-like to stress the distinction from other B. microti isolates revealed by modern molecular methods.
The parasites detected in A. agrarius exhibited typical seasonal dynamics (Karbowiak & Wita 2001; Karbowiak et al. 2005a ) -Bartonella and Babesia circulate in summer, but in July they are replaced by trypanosomes, which were detected in animals until November (Fig. 2) . Only one case of mixed infection was observed -a single specimen entrapped in the Košická kotlina basin was infected with both Babesia and Bartonella. This phenomenon is typical of blood parasite assemblages of small rodents, previously described in several papers (Karbowiak & Wita 2001 Turner 1986; Karbowiak 2004) . A relatively low prevalence of blood parasites was recorded in A. agrarius in comparison to other Apodemus mice. These results correlate with infestation with blood-sucking arthropods. The infestation of A. flavicollis with fleas, mites and ticks is markedly higher compared to A. agrarius . Data on the abundance of parasitic species (potential vectors of blood protozoans) in A. agrarius in the surveyed areas were published by , Stanko & Miklisová (2001 and Fričová & Stanko (2007) . The prevalence of A. agrarius infestation with fleas (Siphonaptera) reflects different seasonal changes, with a peak of abundance in spring (March -May) and its gradual decrease towards winter . Four flea species, Ctenophthalmus agyrtes (Heller, 1896), C. assimilis (Taschenberg, 1880), Megabothris turbidus (Rothschild, 1909) and Nosopsyllus fasciatus (Bosc, 1800) were dominant during all seasons. Similar trends in tick infestation (Ixodes ricinus L., 1758 only) of A. agrarius in the Eastern Slovakian Lowland were also recorded. On the contrary, parameters of mite infestation (prevalence, abundance) displayed a gradual increase from spring to winter. A question has arisen whether the seasonal dynamics of blood parasites (in particular Trypanosoma grosi) reflects a time response of highest infestation by fleas and ticks in spring or continually increasing mite infestation in late summer and autumn. The latter alternative is less likely given that the fleas (Siphonaptera) are considered to be more important vectors of Herpetosoma subgenus (Molyneux 1970) .
